To explain the worldwide increase in the frequency of severe infections by group A streptococci, molecular techniques are increasingly being employed to evaluate the genetic relationships of strains. We used restriction endonuclease analysis, pulsed-field gel electrophoresis (PFGE), the PCR, ribotyping, and DNA sequence analysis in a study of 13 group A streptococci isolated from a cluster of cases of serious infections over a 3-month period in Tayside, Scotland. Eight of the strains were M type 3; molecular characterization identified two subclones. The first, displaying PFGE profile 4, has been observed in Northern Scotland and has been circulating in New Zealand for over a decade. The second subclone has been documented only in the United Kingdom; it was first seen in 1993 in Scotland. Sequence analysis of emm-3 genes further differentiated the PFGE 4 subclone. DNA sequence analysis of virulence factors supports the suggestion that they may have recently been acquired by horizontal gene transfer.
The period from the mid 1980s to the early 1990s saw a dramatic, worldwide increase in severe and fatal infections caused by Streptococcus pyogenes strains (6) . Their resurgence has been linked to changes in the prevalence of certain serotypes and in strains expressing exotoxins (2) .
Most severe infections are caused by M type 1 and 3 strains expressing streptococcal exotoxin A (1). That not all such cases are associated with these strains suggests that other toxins may play vital roles in the processes of invasive infection. One such newly defined toxin is streptococcal superantigen A (SSA), a protein which shares 60.2% homology with staphylococcal enterotoxin B (5) .
Serotyping is the traditional method for characterization of group A streptococci. It is based on variation in the surface M protein (coded for by the emm gene) which acts as an antiphagocytic factor important for the virulence of these organisms. Accumulating evidence suggests that this method does not accurately reflect the genetic relatedness of strains (5) . This limits its value as a method for tracing the spread of infection. Its lack of discriminatory power has been shown by recent studies which indicate that a subclone of M type 1 strains has been responsible for many recent cases (4) .
Because of these deficiencies, we applied a range of DNA profiling techniques including the PCR for exotoxin, superantigen, and M protein genes and DNA sequencing to determine the genetic relationships present between group A streptococcal strains from recent cases of serious infection that occurred in Tayside, Scotland (a region centered on the towns of Dundee and Perth with a population of about 400,000), during the first 3 months of 1995.
Thirteen systemic infections with group A streptococci were diagnosed microbiologically in patients at Ninewells Hospital, Dundee Royal Infirmary, and Kings Cross Hospital in Dundee and at Perth Royal Infirmary between January and April 1995.
Two patients had necrotizing fasciitis, and one died; two other patients also died. None of the cases had direct epidemiological links in that extensive investigations failed to reveal contacts between the patients either in the hospital or in the community. Isolates from these cases were characterized. With the exception of strain GT254, which was isolated from a necrotizing fasciitis lesion, all were blood culture isolates (see Table 2 ). M and T typing and serum opacity factor (OF) reactions were performed at the Streptococcal Reference Laboratory, Central Public Health Laboratory, Colindale, London, England.
The procedures used for extraction of genomic DNA, restriction enzyme analysis (REA), pulsed-field gel electrophoresis (PFGE), and ribotyping have been described elsewhere (7) . Table 1 details the oligonucleotide primers used in the PCR for detection of the genes coding for streptococcal exotoxin A (speA [2] ; primers SPA1 and SPA2), SSA (ssa [5] ; primers SSAU1 and SSAU2), and streptokinase (ska [8] ; primers SKA1 and SKA2). PCR was carried out as described by Upton et al. (7) . M type 3 strains were also examined by PCR for the emm-3 gene by the procedures of Whatmore et al. (8) . DNA sequencing was performed as described previously (7), with primers EMM1; SPA1, -2, -3 and -4; and SSAU1, -2, and -3 (primer sequences are given in Table 1 ) for the emm-3, speA, and ssa genes, respectively. Sequencing primers SSAU1, -2, and -3 were derived from the published sequence of the ssa gene (5) .
Eight strains were M type 3 T type 3, although strain GT445 had a more complex serotype than the other strains ( Table 2) . Of the remaining isolates, two were M type 11, one was M type 77, and two could not be M typed. All strains tested positive for the ska gene, and all M3 strains tested positive for the presence of the speA and ssa genes ( Table 2) . One T type 28 strain (GT185) also gave a positive reaction for speA, although the gene coding for SSA was not present. DNA sequencing of PCR products from strains GT445, GT561, GT205, GT52, and GT254 showed that all possessed speA allele 3 (2) and had identical ssa gene sequences. PCR for the emm gene in M type 3 strains produced a 1.4-kb fragment. Sequenced DNA fragments were aligned with the published sequence for the emm-3 gene (8) . Comparison of the first 250 bases at the 5Ј end showed that all strains had base substitutions at positions 176 (A3C; amino acid N3T) and 206 (G3A; amino acid S3N). Strain GT205 also had a 12-bp duplication at base 97, and strains GT52 and GT561 had a 12-bp duplication at position 214.
DNA digestion with endonuclease CfoI gave five distinct and reproducible restriction patterns with 14 to 16 bands visible in the 23.4-to 4.4-kb size range. REA did not discriminate between strains of the same serotype; all M type 3 strains showed profile 2, and M type 11 strains showed profile 9 ( Table 2) . Ribotyping with a 16S rRNA probe and HindIII digestion gave two ribotypes with five or six bands visible in the 23.4-to 4.4-kb size range ( Table 2) . PFGE of DNA digested with SfiI gave five profiles with five to seven bands in the 50-to 750-kb range (Fig.  1) . Seven M type 3 strains had profile 4 and one, strain GT52, displayed profile 25 (Table 2) . Strains GT185 and GT720 were differentiated by REA but not by PFGE.
Our results show that PFGE is a more discriminatory typing method than classical REA or ribotyping for M type 3 strains (although REA was more discriminatory for the M strains). The emm-3 gene sequences of all PFGE profile 4 strains differed from the published sequence by two nonsynonymous base substitutions (8) . In addition, strains with PFGE profile 4 had three different emm alleles. The heterogeneity of the duplications seen in strains GT205, GT52, and GT561 suggests that they occurred more recently than the substitutions. They further highlight the occurrence of genetic heterogeneity within M types. Rapid sequencing of the emm gene merits consideration as an addition to the armamentarium of methods available for the typing of S. pyogenes, particularly for the subdivision of serotypes. The M type 3 reference strain (B930/24 PHLS) had PFGE profile 4. This profile has previously been observed in M type 3 strains associated with cases of severe and fatal septicemia and myositis in northern Scotland in 1986 (7), and identical strains have been circulating in New Zealand for 11 years (1a). GAA AAC AAT AAA AAA GTA TTG  708  2  SPA2  GAA GTC TAC CTA ACA ACC AAG TAA  2  SPA3  CAA GAA CCG AGA GAT GTC A  7  SPA4 CCT (4) . The possibility that the profile 4 subclone will continue to spread to other parts of the world, including the Americas, is a real one, and its virulence attributes justify monitoring for this. The profile 25 subclone has not been documented outside the United Kingdom and has perhaps arisen more recently than the profile 4 subclone. Molecular typing methods, including REA and PFGE, have been shown to be more discriminatory than serotyping and have been identified as appropriate techniques for epidemiological analyses (3, 7) .
Reliance on M and T typing alone for characterization of the strains isolated from this cluster of cases would, for example, have led to the incorrect conclusion that the two cases of necrotizing fasciitis were caused by the same strain. Of the readily available molecular techniques, PFGE is the most appropriate one for analysis of these important M types. PFGE also has the advantage that it is not dependent on scarce reagents-a restriction that limits M typing to reference laboratories.
Our findings demonstrate that several group A streptococcal subclones capable of causing serious infection were circulating in a circumscribed region of Scotland during the early part of 1995. Similar findings have been made in other parts of the country from 1986 onwards (7). The findings that identical ssa gene sequences occurred in the two subclones and that the same speA allele was found in three subclones are compatible with the hypothesis that certain virulence factors may have spread through the streptococcal population by horizontal gene exchange (5) .
